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ABSTRACT

Malathion is a genotoxic pesticide that destructs DNA. Many research have proven it, yet the mechanism has not been clear.
That is the reason why this research needs to be conducted. This research used two groups, control, and two treatment group.
The control group (P0) was 100 uL of Human Genomic DNA Female solution, while the treatment group (P1) was 100 uL
of Human Genomic DNA Female solution which was added with 100 pL of 6 mM malathion solution. The other treatment
group (P2) was 100 pL of Human Genomic DNA Female solution which was added with 100 pL of 6 mM malathion solution.
Each group of solutions was incubated at 37°C for 48 hours. Then the absorbance was determined by FTIR. The content of
the kelakai extract was determined by GC-MS. The results of the GC-MS analysis showed that the ethanolic extract of kelakai
contained 6.1% hexadecanoic acid and 6.54% Neophytadiene. the percentage changes in the absorbance of guanine, thymine,
cytocin, and adenine were significantly different in each group. So as deformation of the NH-groups in DNA bases. This means
that kelakai extract can inhibit DNA damage.
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INTRODUCTION

Malathion is an organophosphate pesticide that is widely used
by farmers as pest control. On the other hand, malathion is also
a cancer-causing toxic substance. Previous research stated that
malathion is a type of pesticide that triggers ovarian cancer
and breast cancer.! Research by El Baz er al.? also revealed
that malathion can trigger leukemia in the children of farmers
who use the malathion pesticide.

The mechanism of malathion as a carcinogen is not fully
known, but many studies have linked it to the DNA methylation
process. DNA methylation can interfere with the transcription
process so that gene expression is disrupted.® In addition, the

nucleophilic group in malathion can cause the breaking of
phosphodiester bonds in DNA.*3

Several studies have revealed that hexadecanoic acid
compounds can prevent proliferation by inhibiting DNA-
Topoisemerase-1.° Research by Bharath et al’ also stated
that hexadecanoic acid derived from the algae Turbinaria
ornata has the potential as an anticancer of the colon in
vitro. Nurmalatina’s research® states that hexadecanoic acid
compounds can also be found in kelakai (Stenochlaena
palustris).

Kelakai is a type of ferns, belonging to the pteridaceae
family that grows in areas of high humidity such as peatlands in

*Author for Correspondence: esuhartono@ulm.ac.id
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Kalimantan. Kelakai is consumed by the people in Kalimantan
as a traditional food and is empirically useful in preventing
anemia, stimulating breast milk production, and treating
wounds”!?. In addition, at a dose of 100 mg/kg, Kelakai acts as
immunomodulators, which modulate the production of IL-10
cytokines in P. berghei infection and suppress the production
of IFN-y, IL-6, TNF-0 by T cells.!! Kelakai also has a cytotoxic
effect on T47D breast cancer cells by increasing the expression
of the p53 gene, but the mechanism is still unclear.'” Therefore,
in this study, it is necessary to study the Malathion-DNA
interaction and the role of malathion extract in inhibiting DNA
damage due to malathion.

MATERIAL AND METHODS

Material

The Kelakai were taken from a peat swamp in Banjarbaru,
South Kalimantan, and the young leaves were selected. The
leaves are dried for maceration. Calf Thymus DNA was
obtained from SigmaAldrich, St. Louis, MO, USA to examine
its interaction with malathion (SigmaAldrich, St. Louis, MO,
USA) and Kelakai extract.

Measurement by GC-MS

The leaves are washed and then dried under the sun to air
dry for 2-3 days. After drying, 250 g were ground and then
extracted by maceration with ethanol as a solvent. Maceration
was carried out for 3 days. The extraction results were filtered
and evaporated using a rotary evaporator and then measured
by GC-MS at the Banjarbaru Industrial and Trade Research
Institute, Indonesia.

Experiment

This research used two groups, control, and two treatment
group. The control group (P0) was 100 uL of Human Genomic
DNA Female solution, while the treatment group (P1) was
100 pL of Human Genomic DNA Female solution which
was added with 100 pL of 6 mM malathion solution. The
other treatment group (P2) was 100 uL of Human Genomic
DNA Female solution which was added with 100 uL of 6 mM
malathion solution. Each group of solutions was incubated at
37°C for 48 hours.

Measurement Absorbance by ATR-FTIR

The solutions contained in the control and treatment groups
were each taken by 20 pL and their absorbance measured by
ATR-FTIR spectroscopy using ATR crystalline silicon (top
plate 45°C) from BioATR Cell I1.1>4

Data Analysis

Observation, that was focussed to DNA vibration ribbon at 1710,
1662, 1613, and 1492 cm', showed the existence of guanine (G),
thymine (T), adenine (A), dan cytosine nitrogen (C) for each.
In addition, in the ribbon 1228 and 1087 cm™ each showed
asymmetrical and symmetrical phosphate vibrations.' In addition,
DNA oxidation was observed at wave number 1050 cm™, while
DNA methylation was observed at 1596 cm™. NH deformation
was observed at wave numbers 1288, 1294 and 1684 cm™."°> Data

obtained were then compared between the control and treatment
groups using the Kruskal Wallis test at o= 0.05.

RESULT

The results of the GC-MS analysis showed that the ethanolic
extract of kelakai contained 6.1% hexadecanoic acid and 6.54%
Neophytadiene (Figure 1).

Spectroscopy is the study of the interaction of light with
atoms and molecules. This interaction can be used to assess
the strength of the bonds between molecules by calculating the
value of the binding constant. The results of the interaction
between DNA-Malathion and DNA-Malathion-extract kelakai
are presented in Figure 2.

Based on Figure 1, there is a change in the absorbance
spectra between DNA and DNA+Malathion. The presence of
an extract of malachite showed that there was DNA protection
from Malathion. The percentage change in absorbance of each
group can be seen in Table 1.

DISCUSSION

Based on data from the World Health Organization (WHO)
in 2014, pesticide toxication reached one million cases in the
world, with 20,000 death per year. Malathion toxication as
pesticide started when malathion enters the body and inhibits
the metabolism of acetylcholinesterase (AchE), cytochrome
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Table 1: The percentage change in DNA base

Absorbance change in FTIR (%)

Base Wavenumbers PO Pl P2

Guanine 1710 100 61,75+ 1,21 79,99 +2,39*
Thymine 1992 100 56,96 + 1,19 79,99 +1,97*
Adenine 1613 100 58,71 £ 1,44 79,99 + 2,04%*
Cytocin, 1492 100 60,74 + 1,38 80,00 + 2,72%*

Note: *) significantly different (p <0,05)

Changes in DNA bases can be caused by deformation of the NH-groups in DNA. This can be seen in table 2.

Table 2: Deformation of the NH-groups in DNA bases

Absorbance change in FTIR (%)

Base Wavenumbers PO Pl P2

Guanine 1684 100 59,43 £3,02 80,00 + 2,87*
Thymine 1288 100 62,31+ 2,66 80,00 £ 2,91*
Adenine - - - -

Cytosine 1294 100 62,04 £2,98 80,00 = 2,07*

Note: *) significantly different (p <0,05)

P450, and glutathione S-transferases (GSTs).!®!” Next, the
inhibition caused the increase of reactive oxygen species (ROS)
production, the decrease of enzymatic antioxidant activity,
induce apoptosis (cytotoxicity), and DNA damage.'®!"

FT-IR is one of the many spectroscopic methods used in
the study of DNA with pollutants, drugs, and other molecules
in solution. This method is ideal for systematic DNA studies
because it requires small samples. The region of 1800—800
em’! FT-IR spectroscopy is a characteristic peak of infrared
absorption from the free located B-form DNA. The ribbon at
1710 cm™! shows stretching carbonyl (C=0). This is associated
with guanine (G) C7N in vibration stretching fields. The
tape observed at 1658 cm™ shows a stretched carbonyl. This
is associated with stretching thymine (T) C20. The ribbon
1613 cm™! occurred due to scissorsing NH2. This is associated
with adenine (A). Bands at 1492 cm™ correspond to cytosine
(C) base vibrations'” [26]. The bands at 1228 and 1087 cm’!
show asymmetric and symmetric vibrations of phosphate,
respectively'” [26]. The absorption band in the spectral region
of 1750-1450 cm™ is assigned to stretch the vibrations of
nucleotide base bonds in the field and is generally used for
evaluation of pair-base interactions.?’

DNA damage because of malathion has been studied
through FTIR spectroscopy. In table 1, there is an absorbance
decrease for DNA significantly between the Calf-Thymus
DNA group and the Calf-Thymus DNA+Malathion group. This
shows that malathion interacts with DNA through thymine,
adenine, guanine, and cytosine. In addition, the absorbance
value for phosphorus in Calf-Thymus DNA significantly
increased. The phosphorus group in methyl paration is a good
substrate for nucleophilic attack. This attack causes an increase
in phosphorylation, which can cause DNA damage.'®

This interaction of malathion and DNA can also be caused
by nitrogen bases which have free electron pairs. This electron
pair allows the rearrangement of nitrogen by the presence of

metilparation. This causes an increase in NH-deformation in Q8

nitrogen bases DNA base. This study is in accordance with the
research of Yu Li et al.,>! who explained that the chlorpropham
herbicide can bind specifically to -NH in DNA so that the
deformation —NH increases.

The research found that the absorbance of DNA +
malathion oxidation increased by almost 250x. This oxidation
begins with the reaction between the nitrogenous base of DNA
and methyl parathion, which causes changes in hydrogen
bonds in DNA bases. These changes result in deformation of
the NH-groups and other groups, so that oxo compounds can
be formed from DNA bases.

Kelakai in a wetlands endemic plant that can detain DNA
damage. It contains neophytadiene which has the potential to
prevent DNA damage due to malathion. Neophytadiene works
by binding to DNA, between C-17 in hexadecanoic acid and
dG-12A in DNA, so malathion cannot interact with DNA.
In addition, the atomic contact energy of DNA-Malathion-
hexadecanoic acid is greater than that of DNA-Malathion so
that the DNA-Malathion bonds are more easily broken. The
area of contact between DNA-Malathion- hexadecanoic acid
atoms is larger than the others. The larger the contact area, the
faster the reaction will be than the others.

Besides the physical aspects, there is also chemical aspect,
which is the presence of hydrogen bonding. Hydrogen bonding
occurs due to the intermolecular attractive forces that occur
between hydrogen atoms with highly electronegative atoms
(N, O, and F) and lone pairs of electrons from other highly
electronegative atoms. This bonding can occur in DNA,
through N-H and O-H bonds with a partial positive charge
on the H and a partial negative charge on the N and O atoms.

CONCLUSION

FTIR spectroscopy can determine the interaction of DNA-
Malathion and DNA-Malathion-Kelakai Extract. Kelakai
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extract contains hexadecanoic acid and neophytadiene which
can inhibit DNA damage due to malathion induced.

ACKNOWLEDGEMENTS

The authors thankfully acknowledge the Rector of Lambung
Mangkurat University for providing research funding, through
the PDWM program, in2021.

REFERENCES

1.

10.

Lerro CC, et al. Organophosphate insecticide use and cancer
incidence among spouses of pesticide applicators in the
Agricultural Health Study. Occup Environ Med 2015;72:736-744
ElBaz MA, El Deek SE, Sayed AA, Amin AF. In Utero Pesticides
Exposure and Generation of Acute Myeloid Leukemia Associated
Translocation (8; 21). MOJ Toxicol 2016; 2(3): 00037.

Zhang X, Wallace AD, Du P, Kibbe WA, Jafari N, Xie H,
et al. DNA methylation and alterations in response to pesticide
exposure in vitro. Environmental and Molecular Mutagenesis
2012; 53:542-9.

Mathew J, dan Thoppil JE. Genotoxicity of methil parathion and
antimutagenic activity of salvia officinalis L. (sage) extracts in
swiss albino mice. Asian Journal of Pharmaceutical and Clinical
Research 2012; 5(2):164-70.

Camden AJ, Walsh SM, Suk SH, Silverman SK. DNA
oligonucleotide 3’-phosphorilation by a DNA enzyme.
Biochemistry 2016; 55:2671-6.

Ravi L and Krishnan K. Cytotoxic Potential of N-hexadecanoic
Acid Extracted from Kigelia pinnata Leaves. Asian J. Cell Biol
2017; 12 (1): 20-27

Bharath B, Perinbam K, Devanesan B, AlSalhi M, Saravanan
M. Evaluation of the anticancer potential of Hexadecanoic acid
from brown algae Turbinaria ornata on HT-29 colon cancer cells.
Journal of Molecular Structure 2021; 1235: 130229
Nurmilatina, N. Analisis Komposisi Kimia Daun Kelakai
(Stenochlaena palustris Bedd.) dengan Berbagai Pelarut
menggunakan GCMS (Chemical Composition Analysis of
Stenochlaena palustris Bedd. Leaves using Various Solvents
on GCMYS). Jurnal Riset Industri Hasil Hutan 2017; 9(1): 9 — 16
Suhartono E, Viani E, Rahmadhan MA, Gultom IS, Rakhman
MF, and Indrawardhana D. Screening of Medicinal Plant for
Total Flavonoid and Antioxidant Activity in South Kalimantan
of Indonesian. International Journal of Chemical Engineering
and Applications 2012. 3(4): 297-299

Suhartono E, Bahriansyah M, Triawanti. The Inhibition Effect of
Kelakai (Stenochlaena palustris) Extract on Cadmium-Induced

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Glycation and Fructation /n-vitro. International Journal of
Pharmaceutical and Clinical Research 2016; 8(4): 248-253
Margono DPNH, Suhartono E, Arwati H. Potensi Ekstrak
Kelakai (Stenochlaena Palustris (Burm.F) Bedd) Terhadap Kadar
Tumor Necrosis Factor-Alfa (Tnf-A) Pada Mencit Balb/C Yang
Diinfeksi Plasmodium berghei ANKA. Berkala Kedokteran
2016; 12(1): 77-85

Safitri RA, Saptarini, Sunarni T. Cytotoxic Activity, Expression
of p53, and Bcl-2 Extract Fraction of Kelakai Herbs (Stenochleana
palustris (Burm.F.) Bedd.) to Breast Cancer T47D Cells. Jurnal
Biotek Medisiana Indonesia 2020; 9(2): 113-127

Suhartono E. Noor Z, Edyson; Budianto WY, Idroes R. Effect of
chronic lead exposure on bone using ATR-FTIR spectroscopy. In
Proceedings of the AIP Conference Proceedings 2019; p. 020025.
Al-Jorani K. Riither A, Martin M, Haputhanthri R, Deacon G,
Li H, Wood B. The Application of ATR-FTIR Spectroscopy
and the Reversible DNA Conformation as a Sensor to Test the
Effectiveness of Platinum (II) Anticancer Drugs. Sensors 2018;
18: 4297.

Movasaghi Z, Rehman S, Thtehsham, Fourier Transform (FTIR)
Spectroscopy of Biological Tissues. Applied Spectroscopy
Review 2008, 43: 134-179

Bianchi J, Mantovani MS, Morales MAM. Analysis of the
genotoxic potential of low concentrations of Malathion on the
Allium Ceppa cells and rat hepatoma tissue culture. Journal of
Environmental Sciences. 2015; 36:102-11.

Chear, N. J. Y., Khaw, K. Y., Murugaiyah, V., & Lai, C. S.
Cholinesterase inhibitory activity and chemical constituents of
Stenochlaena palustris fronds at two different stages of maturity.
Journal of Food and Drug Analysis 2016; 24: 358-366

Garcia FP, Ascencio SYC, Oyarzun JCG, Hernandes AC,
Alavarado PV. Pesticides : classification, usses, and toxicity.
Measures of exposure and genotoxic risks. J Res. Environ. Sci.
Toxicol 2012; 1(11):279-93.

Ojha A, Yaduvanshi SK, Pant SC, Lomash V, Srivastava N.
Evaluation of DNA damage and cytotoxicity induced by three
commonly used organophosphate pesticides individually and
in mixture, in rat tissues Environ. Toxicol 2013; 28: 543-552.
Colovic, MB. Krstic DZ, Lazarevic-Pasti, T.D, Bondzic, A.M,
Vasic, VM. Acetylcholinesterase inhibitors: pharmacology and
toxicology. Curr. Neuropharmacol 2013; 11: 315-335.

Yu Li, Guowen Zhang, Mo Tao. 2014. Binding properties
herbicide chlorpropham to DNA: Spectroscopy, Chemometrics,
and modelling investigations, Journal Photochemistry and
Photobiology B: Biology 2014; 138:109-117

Query Report

Q1 Article Type is missing

Q2 Only 1 affiliation will be considered. Plz confirm which one must be written here

Q3 Plz share the department name again
Q4 Short title of the Article is missing
Q5 Provide full name

Q6 Reference 15 or 26?

Q7 Plz correct the word

Q8 Cross-check for accuracy/data/format, correct, and provide all references in consistent Vancouver format.

Sample reference formatted to act as an example and to maintain consistency of format (Vancouver) required

Kumar RA, Sridevi K, Kumar NV, Nanduri S, Rajagopal S. Anticancer and immunostimulatory compounds from Andrographis
paniculata. Journal of Ethnopharmacology. 2004;92:291-295. Available from: doi.org/10.1016/j.jep.2004.03.004

1JDDT, Volume 12 Issue 1, January 2022 - March 2022

Page 4



Ql ARTICLE TYPE

Protective Role of Kelakai (Stenochlaena Palustris) Extract on Malathion-
induced Genotoxic: FTIR Spectroscopy Study

Q2 Eko Suhartono[%], Noor Muthmainah®, Dona Marisa*, Salmon Charles P T Siahaan’,

Noer Komari®

Indonesia

>Wetland Disease Center, Faculty of Medicine, Lambung Mangkurat University, Banjarmasin, Indonesia

3Department of Microbiology and Parasitology, Faculty of Medicine, Lambung Mangkurat University, Banjarmasin,

Indonesia

*Department of Biomedic, Faculty of Medicine, Lambung Mangkurat University, Banjarmasin, Indonesia

Faculty of Medicine, University of Ciputra, Surabaya, Indonesia
Department of Chemistry, Faculty of Mathematics and Natural Sciences, Lambung Mangkurat University, Banjarmasin,

Indonesia

Q3 ID%tment of Medical Chemistry, Biochemistry, Faculty of Medicine, Lambung Mangkurat University, Banjarmasin,

Received: 28th January, 2022; Revised: 01st March, 2021; Accepted: 17th March, 2022; Available Online: 25th March, 2022
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INTRODUCTION

Malathion is an organophosphate pesticide that is widely used
by farmers as pest control. On the other hand, malathion is also
a cancer-causing toxic substance. Previous research stated that
malathion is a type of pesticide that triggers ovarian cancer
and breast cancer.! Research by El Baz er al.? also revealed
that malathion can trigger leukemia in the children of farmers
who use the malathion pesticide.

The mechanism of malathion as a carcinogen is not fully
known, but many studies have linked it to the DNA methylation
process. DNA methylation can interfere with the transcription
process so that gene expression is disrupted.® In addition, the

nucleophilic group in malathion can cause the breaking of
phosphodiester bonds in DNA.*3

Several studies have revealed that hexadecanoic acid
compounds can prevent proliferation by inhibiting DNA-
Topoisemerase-1.° Research by Bharath et al’ also stated
that hexadecanoic acid derived from the algae Turbinaria
ornata has the potential as an anticancer of the colon in
vitro. Nurmalatina’s research® states that hexadecanoic acid
compounds can also be found in kelakai (Stenochlaena
palustris).

Kelakai is a type of ferns, belonging to the pteridaceae
family that grows in areas of high humidity such as peatlands in

*Author for Correspondence: esuhartono@ulm.ac.id
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Kalimantan. Kelakai is consumed by the people in Kalimantan
as a traditional food and is empirically useful in preventing
anemia, stimulating breast milk production, and treating
wounds”!?. In addition, at a dose of 100 mg/kg, Kelakai acts as
immunomodulators, which modulate the production of IL-10
cytokines in rghei infection and suppress the production
of [FN-vy, IL- F-a by T cells.! Kelakai also has a cytotoxic
effect on T47D breast cancer cells by increasing the expression
of the p53 gene, but the mechanism is still unclear.'” Therefore,
in this study, it is necessary to study the Malathion-DNA
interaction and the role of malathion extract in inhibiting DNA
damage due to malathion.

MATERIAL AND METHODS

Material

The Kelakai were taken from a peat swamp in Banjarbaru,
South Kalimantan, and the young leaves were selected. The
leaves are dried for maceration. Calf Thymus DNA was
obtained from SigmaAldrich, St. Louis, MO, USA to examine
its interaction with malathion (SigmaAldrich, St. Louis, MO,
USA) and Kelakai extract.

Measurement by GC-MS

The leaves are washed and then dried under the sun to air
dry for 2-3 days. After drying, 250 g were ground and then
extracted by maceration with ethanol as a solvent. Maceration
was carried out for 3 days. The extraction results were filtered
and evaporated using a rotary evaporator and then measured
by GC-MS at the Banjarbaru Industrial and Trade Research
Institute, Indonesia.

Experiment

This research used two groups, control, and two treatment
group. The control group (P0) was 100 uL of Human Genomic
DNA Female solution, while the treatment group (P1) was
100 pL of Human Genomic DNA Female solution which
was added with 100 pL of 6 mM malathion solution. The
other treatment group (P2) was 100 uL of Human Genomic
DNA Female solution which was added with 100 uL of 6 mM
malathion solution. Each group of solutions was incubated at
37°C for 48 hours.

Measurement Absorbance by ATR-FTIR

The solutions contained in the control and treatment groups
were each taken by 20 pL and their absorbance measured by
ATR-FTIR spectroscopy using ATR crystalline silicon (top
plate 45°C) from BioATR Cell I1.1>4

Data Analysis

Observation, that was focussed to DNA vibration ribbon at 1710,
1662, 1613, and 1492 cm', showed the existence of guanine (G),
thymine (T), adenine (A), dan cytosine nitrogen (C) for each.
In addition, in the ribbon 1228 and 1087 cm™ each showed
asymmetrical and symmetrical phosphate vibrations.' In addition,
DNA oxidation was observed at wave number 1050 cm™, while
DNA methylation was observed at 1596 cm™. NH deformation
was observed at wave numbers 1288, 1294 and 1684 cm™."°> Data

obtained were then compared between the control and treatment
groups using the Kruskal Wallis test at o= 0.05.

RESULT

The results of the GC-MS analysis showed that the ethanolic
extract of kelakai contained 6.1% hexadecanoic acid and 6.54%
Neophytadiene (Figure 1).

Spectroscopy is the study of the interaction of light with
atoms and molecules. This interaction can be used to assess
the strength of the bonds between molecules by calculating the
value of the binding constant. The results of the interaction
between DNA-Malathion and DNA-Malathion-extract kelakai
are presented in Figure 2.

Based on Figure 1, there is a change in the absorbance
spectra between DNA and DNA+Malathion. The presence of
an extract of malachite showed that there was DNA protection
from Malathion. The percentage change in absorbance of each
group can be seen in Table 1.

DISCUSSION

Based on data from the World Health Organization (WHO)
in 2014, pesticide toxication reached one million cases in the
world, with 20,000 death per year. Malathion toxication as
pesticide started when malathion enters the body and inhibits
the metabolism of acetylcholinesterase (AchE), cytochrome

(a)
0

H 3(;/\,/.\/\/\./\/‘\/.\)I\O|..|

(b)

Figure 1: Hexadecanoic Acid (a) dan Neophytadiene (b)
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Figure 2:. Spectra of FTIR DNA
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Table 1: The percentage change in DNA base

Absorbance change in FTIR (%)

Base Wavenumbers PO Pl P2

Guanine 1710 100 61,75+ 1,21 79,99 +2,39*
Thymine 1992 100 56,96 + 1,19 79,99 +1,97*
Adenine 1613 100 58,71 £ 1,44 79,99 + 2,04%*
Cytocin, 1492 100 60,74 + 1,38 80,00 + 2,72%*

Note: *) significantly different (p <0,05)

Changes in DNA bases can be caused by deformation of the NH-groups in DNA. This can be seen in table 2.

Table 2: Deformation of the NH-groups in DNA bases

Absorbance change in FTIR (%)

Base Wavenumbers PO Pl P2

Guanine 1684 100 59,43 £3,02 80,00 + 2,87*
Thymine 1288 100 62,31+ 2,66 80,00 £ 2,91*
Adenine - - - -

Cytosine 1294 100 62,04 £2,98 80,00 = 2,07*

Note: *) significantly different (p <0,05)

P450, and glutathione S-transferases (GSTs).!®!” Next, the
inhibition caused the increase of reactive oxygen species (ROS)
production, the decrease of enzymatic antioxidant activity,
induce apoptosis (cytotoxicity), and DNA damage.'®!"

FT-IR is one of the many spectroscopic methods used in
the study of DNA with pollutants, drugs, and other molecules
in solution. This method is ideal for systematic DNA studies
because it requires small samples. The region of 1800—800
em’! FT-IR spectroscopy is a characteristic peak of infrared
absorption from the free located B-form DNA. The ribbon at
1710 cm™! shows stretching carbonyl (C=0). This is associated
with guanine (G) C7N in vibration stretching fields. The
tape observed at 1658 cm™ shows a stretched carbonyl. This
is associated with stretching thymine (T) C20. The ribbon
1613 cm™! occurred due to scissorsing NH2. This is associated
with adenine (A). Bands at 1492 cm™ correspond to cytosine
(C) base vibrations' The bands at 1228 and 1087 cm’!
show asymmetric a mmetric vibrations of phosphate,
respectively' The absorption band in the spectral region
of 1750—1450 cm™ is assigned to stretch the vibrations of
nucleotide base bonds in the field and is generally used for
evaluation of pair-base interactions.?’

DNA damage because of malathion has been studied
through FTIR spectroscopy. In table 1, there is an absorbance
decrease for DNA significantly between the Calf-Thymus
DNA group and the Calf-Thymus DNA+Malathion group. This
shows that malathion interacts with DNA through thymine,
adenine, guanine, and cytosine. In addition, the absorbance
value for phosphorus in Calf-Thymus DNA significantly
increased. hosphorus group in methyl paration is a good
substrate fo leophilic attack. This attack causes an increase
in phosphorylation, which can cause DNA damage.'®

This interaction of malathion and DNA can also be caused
by nitrogen bases which have free electron pairs. This electron
pair allows the rearrangement of nitrogen by the presence of

ilparation. This causes an increase in NH-deformation in Q8

gen bases DNA base. This study is in accordance with the
research of Yu Li et al.,>! who explained that the chlorpropham
herbicide can bind specifically to -NH in DNA so that the
deformation —NH increases.

The research found that the absorbance of DNA +
malathion oxidation increased by almost 250x. This oxidation
begins with the reaction between the nitrogenous base of DNA
and methyl parathion, which causes changes in hydrogen
bonds in DNA bases. These changes result in deformation of
the NH-groups and other groups, so that oxo compounds can
be formed from DNA bases.

Kelakai in a wetlands endemic plant that can detain DNA
damage. It contains neophytadiene which has the potential to
prevent DNA damage due to malathion. Neophytadiene works
by binding to DNA, between C-17 in hexadecanoic acid and
dG-12A in DNA, so malathion cannot interact with DNA.
In addition, the atomic contact energy of DNA-Malathion-
hexadecanoic acid is greater than that of DNA-Malathion so
that the DNA-Malathion bonds are more easily broken. The
area of contact between DNA-Malathion- hexadecanoic acid
atoms is larger than the others. The larger the contact area, the
faster the reaction will be than the others.

Besides the physical aspects, there is also chemical aspect,
which is the presence of hydrogen bonding. Hydrogen bonding
occurs due to the intermolecular attractive forces that occur
between hydrogen atoms with highly electronegative atoms
(N, O, and F) and lone pairs of electrons from other highly
electronegative atoms. This bonding can occur in DNA,
through N-H and O-H bonds with a partial positive charge
on the H and a partial negative charge on the N and O atoms.

CONCLUSION

FTIR spectroscopy can determine the interaction of DNA-
Malathion and DNA-Malathion-Kelakai Extract. Kelakai
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extract contains hexadecanoic acid and neophytadiene which
can inhibit DNA damage due to malathion induced.
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